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DIFFERENTIAL-INPUT CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a circuit and more par 
ticularly to a differential-input circuit for providing differ 
ential logic signals. 

2. Description of the Related Art 
Due to the increasing demand for high speed data trans 

mission and RF (radio frequency) Wireless communications, 
the differential-input circuit such as an ECL (emitter coupled 
logic) is Widely used for providing differential logic signals 
because of its application in high speed operations. To 
implement the digital control of the high speed circuit, an 
interface circuit, such as a MOS (metal oXide 
semiconductor) circuit, is employed because it provides high 
density, loW cost, and loW poWer consumption. To ful?ll the 
high speed operation, a differential ECL generally includes 
bipolar transistors Which require a differential reduced 
sWing input voltage, e.g., a differential input of voltages With 
a sWing less than a sWing from ground voltage to supply 
voltage. HoWever, a MOS circuit usually provides a single 
ended rail-to-rail output, e.g., a single output of voltage With 
a full sWing from ground voltage to supply voltage, but not 
a differential reduced-sWing signal. Hence, it is desirable to 
provide a MOS interface circuit Which can provide a dif 
ferential reduced-sWing voltage signal to a differential ECL 
circuit for outputting a differential logic signal. 

Further, as the functions of the high speed communication 
circuits become complicated, the siZe of the MOS control 
logic groWs accordingly larger. Alarger area interface circuit 
creates disadvantages, such as more poWer consumption. 
Hence, the demand to maintain small area for MOS logic to 
ECL interface is also desirable. Furthermore, the MOS 
control logic consumes more poWer not only When it has a 
larger area, but by its nature, this kind of circuit consumes 
static poWer. To generate an intermediate voltage level in an 
interface to the ECL circuit, static poWer consumption 
through the resistors and transistors is unavoidable unless an 
external reference voltage is supplied. For example, a cel 
lular phone can draW poWer from the battery When its poWer 
is on even though it does not transmit or receive signal yet. 
Hence, the demand to maintain loW poWer consumption for 
interfacing to an ECL circuit is also desirable. 

SUMMARY OF THE INVENTION 

The present invention provides a differential reduced 
sWing input voltage to a differential-input circuit for out 
putting a differential logic signal. The present invention 
further provides a differential-input circuit Which maintains 
area efficiency and loW poWer consumption. 

In one aspect of the present invention, there is provided a 
circuit for providing a differential logic signal. The circuit 
includes a differential-input circuit having a ?rst differential 
input and a second differential input. A ?rst unit receives an 
input voltage signal and a supply voltage for providing a ?rst 
voltage to the ?rst differential input via a ?rst node. Asecond 
unit receives the supply voltage for providing a second 
voltage to the second differential input via a second node, 
Wherein the differential-input circuit outputs a signal in 
accordance With the ?rst and second voltages. 

In another aspect of the present invention, there is pro 
vided a circuit for providing differential logic signal. The 
circuit includes a differential-input circuit having a ?rst 
differential input and a second differential input. A ?rst unit 
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2 
receives an input voltage signal and a supply voltage for 
providing a ?rst voltage to the ?rst differential input via a 
?rst node. A second unit receives the input voltage signal 
and the supply voltage for providing a second voltage to the 
second differential input via a second node, Wherein the 
differential-input circuit outputs a signal in accordance With 
the ?rst and second voltage. 

In another aspect of the present invention, the circuit may 
include a logic device to provide an enable signal to the 
circuit for providing a loW poWer consumption operation. In 
another aspect of the present invention, the circuit may 
include the same type transistors for providing small area. 
These and other aspects, features and advantages of the 
present invention Will become apparent from the folloWing 
detailed description of illustrative embodiments thereof, 
Which is to be read in connection With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above objects and advantages of the present invention 
Will become more apparent by describing in detail embodi 
ments thereof With reference to the attached draWings in 
Which: 

FIG. 1 is a schematic diagram of a circuit for providing a 
differential reduced-sWing input voltage and outputting a 
differential logic signal according to an embodiment of the 
present invention; 

FIG. 2 is a schematic diagram of a circuit for providing a 
differential reduced-sWing input voltage and outputting a 
differential logic signal according to another embodiment of 
the present invention; 

FIG. 3 is a schematic diagram of a circuit for illustrating 
the selection of appropriate bias input voltage of another 
embodiment of the circuit in FIG. 1; 

FIG. 4 is a schematic diagram of a circuit for illustrating 
the selection of appropriate bias input voltage of another 
embodiment of the circuit in FIG. 2; 

FIG. 5 is a schematic diagram of a circuit With the 
advantage of loW poWer consumption of another embodi 
ment of the circuit in FIG. 3; 

FIG. 6 is a schematic diagram of a circuit With the 
advantage of loW poWer consumption of another embodi 
ment of the circuit in FIG. 4; 

FIG. 7 is a schematic diagram of a circuit comprising 
n-type transistors of yet another embodiment of the circuit in 
FIG. 3; 

FIG. 8 is a schematic diagram of a circuit comprising 
n-type transistors of yet another embodiment of the circuit in 
FIG. 4; 

FIG. 9 is a schematic diagram of a circuit With the 
advantage of loW poWer consumption of yet another 
embodiment of the circuit in FIG. 7; 

FIG. 10 is a schematic diagram of a circuit With the 
advantage of loW poWer consumption of yet another 
embodiment of the circuit in FIG. 8; 

FIG. 11 is a schematic diagram of a circuit Where the 
transistors in the interface circuit are all n-type transistors 
according to yet another embodiment of the present inven 
tion; 

FIG. 12 is a schematic diagram of a circuit Where the 
transistors in the interface circuit are all p-type transistors 
according to another embodiment of the circuit in FIG. 11; 

FIG. 13 is a schematic diagram of a circuit With the 
advantage of small area according to yet another embodi 
ment of the circuit in FIG. 11; 
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FIG. 14 is a schematic diagram of a circuit With advan 
tages of small area and loW power consumption according to 
another embodiment of the circuit in FIG. 13; 

FIG. 15 is a schematic diagram of a circuit Where certain 
transistors are independent of the input voltage, and tran 
sistor siZes are ratioed according to yet another embodiment 
of the present invention; 

FIG. 16 is a schematic diagram of a circuit Where resistors 
are replaced With MOS transistors according to yet another 
embodiment of the circuit in FIG. 15; and 

FIG. 17 is a schematic diagram of a circuit With the 
advantage of loW poWer-consumption according to yet 
another embodiment of the circuit in FIG. 16. 

DESCRIPTION OF EMBODIMENTS 

The present invention Will be described in terms of 
illustrative circuits. It is to be understood that these circuits 
are described With particular values for parameters, such as 
voltage, current, resistance, component siZes, etc. These 
values are illustrative and should not be construed as lim 
iting the present invention. 

Referring noW in detail to the draWing in Which like 
reference numerals identify similar or identical elements 
throughout the draWings. 

FIG. 1 shoWs an embodiment of the present invention 
Where an interface circuit 102 provides a differential 
reduced-sWing voltage signal to a circuit 100. Note the 
interface circuit 102 represents the circuit other than circuit 
100 in all FIGs of the speci?cation. 

In FIG. 1, reference numeral 102 illustratively represents 
a CMOS (complementary metal oXide semiconductor) inter 
face circuit. Reference numeral 100 illustratively represents 
a bipolar PECL (positive emitter coupled logic) circuit 
Which needs a differential input With reduced sWing for 
noise-immune operation at high operating speed. It is to be 
understood that circuit 102 is an interface circuit including 
different types of MOS circuits, such as CMOS, pMOS, or 
nMOS. Circuit 100 may include other or different circuits 
Which can bene?t from an interface circuit of the present 
invention. 

A CMOS, as Well as other types of MOS, logic circuit 
inputs and outputs single-ended signal, e.g., the logic signal 
is inputted/outputted via a single line. Also, a CMOS logic 
signal sWings from ground voltage for logic “LOW” to the 
supply voltage for logic “HIGH” or so-called a “rail-to-rail” 
full sWing. The single-ended, rail-to-rail signal in a CMOS 
standard logic circuit does not meet the input requirement 
for a differential logic circuit, such as a PECL circuit, 
because a PECL circuit needs differential reduced-sWing 
input voltage. 

Adifferential input is a pair of signals, e.g., a main signal 
and a complementary signal, to represent logic information, 
Wherein the complementary signal is an inverted version of 
the main signal. The differential logic circuit, such as a 
PECL circuit, takes the difference of the differential signals 
and performs the logic function. The differential logic 
circuit, such as a PECL circuit, is particularly useful in 
high-speed operation due to its noise-immune capabilities. 
For eXample, the noise coupled to the signal lines affects 
each line signal in the PECL circuit. The difference of line 
signals remains unaffected since, according to the invention, 
the noise on each line signal is about the same amount. This 
results in the difference betWeen the line signals being 
unchanged. Further, a reduced-sWing input is an input volt 
age centering around a supply voltage With a smaller mag 
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4 
nitude than a rail-to-rail full sWing, Which consumes more 
time during a high-speed operation. A reduced-sWing input 
voltage is thus advantageous for a differential logic circuit, 
such as PECL circuit, because the high-speed operation Will 
not be sloWed doWn by a rail-to-rail full sWing. 

Referring to FIG. 1, in one embodiment of the present 
invention, a CMOS interface circuit 102 provides differen 
tial reduced-sWing voltages as the inputting voltages via 
node 1 and node 2, respectively, to a PECL circuit 100. The 
reduced-sWing inputs (e.g., betWeen about 300 mV and 
about 700 mV) centered around the middle of a supply 
voltage (e.g., 1 V) are provided to bias input differential 
stage of the bipolar transistors Q1 and O2 in bipolar PECL 
100. 

Resistors R1 and R2 in the CMOS interface circuit 102 
are designed such that they provide appropriate bias voltage 
at node 1. Resistors R3 and R4 are also designed to provide 
the same voltage at node 2 as that of node 1. For eXample, 
R1/R2=R3/R4, While R1=R3 and R2=R4. 

Transistor M5 is a pMOS, and transistor M6 is an nMOS. 
When an input voltage signal Vin is logic “HIGH” (in this 
case, VDD in CMOS logic level), the transistor M6 turns on 
and transistor M5 turns off. As the transistor M6 turns on, 
transistor M6 adds parallel resistance betWeen node 1 and 
the ground (GND), so the resistance betWeen transistor M6 
and resistor R2 Will be loWer than resistor R4. Hence, the 
voltage at node 1 Will go loWer than that in node 2. For 
eXample, if resistors R1, R2, R3 and R4 are all, e.g., 1 k9, 
VDD and VCC are, e.g., 3 V, and the on-resistance of 
transistor M6 is designed to be, e.g., 1 k9, then the voltage 
at node 2 is, e.g., 1.5 V (3 V><1.0 kQ/2.0 1(9), and node 1 
becomes, e.g., 1 V (3 V><0.5 kQ/1.5 kQ). In this example, the 
PECL 100 input node 1 is 500 mV loWer than the other input 
node 2, and in turn the base of transistor O1 is loWer than the 
base of transistor Q2. As a result, transistor Q1 turns off and 
transistor Q2 turns on alloWing the tail current, It, ?oWing 
through the transistor O2 to provide a voltage drop across 
load resistor RL2, e.g., (It)(RL2). Hence, the output Y 
becomes “HIGH” and Yb becomes “LOW” in PECL 100 
level in FIG. 1. 
On the other hand, When the input voltage signal Vin is 

logic “LOW” (0 V), transistor M5 turns on and transistor M6 
turns off. As transistor M5 turns on, transistor M5 adds 
parallel resistance betWeen node 1 and VDD, so the resis 
tance betWeen transistor M5 and resistor R1 Will be loWer 
than resistor R3. Hence, the voltage at node 1 Will go higher 
than that in node 2. If the on-resistance of transistor M5 is 
designed to be, e.g., 1 k9, the voltage at node 2 is still, e.g., 
1.5 V (3 V><1.0 kQ/2.0 1(9), and node 1 is noW, e.g., 2 V (3 
V><1.0 kQ/1.5 kQ). In this eXample, the PECL 100 input 
node 1 is 500 mV higher than the other input node voltage 
at node 2, and the output Y is “LOW” and Yb is “HIGH.” 
According to this structure of the present invention as 

shoWn in FIG. 1, the CMOS interface circuit 102 provides 
differential reduced-sWing input voltages to a PECL circuit. 

FIG. 2 shoWs another embodiment of the present inven 
tion Where an interface circuit 102 provides differential 
reduced-sWing voltage signal to a PECL circuit 100. FIG. 2 
is substantially the same as FIG. 1 eXcept for the location of 
transistor M6 in the interface circuit 102. In FIG. 2, the 
nMOS M6 has been moved to betWeen node 2 and VDD, 
from being betWeen node 1 and GND in FIG. 1. Transistors 
M5 and M6 are designed to have on-resistance of, e.g., 1 
kQWhen transistors M5 and M6 are on. In FIG. 2, the same 
parts as those shoWn in FIG. 1 are represented With like 
reference numbers to avoid redundant description, 
accordingly, their explanation Will be omitted. 








